Background -Assessment of tidal breathing parameters may be a useful method of predicting respiratory problems in early childhood. Low values of TPTEF/TE (the ratio of the proportion of time to reach peak tidal expiratory flow to total expiratory time) outside the neonatal period have been significantly related to respiratory tract illness with wheezing in boys in the first year of life. Methods -TPTEFITE measurements in the perinatal period were evaluated in nonsedated infants and the predictive value of this early measurement for subsequent respiratory morbidity during infancy was assessed. Flow during tidal breathing was measured while the infant slept quietly in a plethysmograph using a Fleisch pneumotachograph inserted into an infant face mask. Recruitment continued until traces from 60 infants with 10 consecutive flow curves without artefacts were obtained. In addition, plethysmographic measurements of airway resistance (Raw) and thoracic gas volume (TGV) were measured and specific conductance (sGaw) calculated. Parents recorded their infant's cough and wheeze during the first 12 months of life.
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Results -Sixty five measurements were made in 60 infants with a mean age of two days and gestational age of 40 weeks. Two observers separately calculated TPTEF/TE ratios on 25 traces randomly selected from the pool of 60. The mean difference between the two observers was -0.004 (limits of agreement 0.048 to -0.056). Thirteen infants became symptomatic (wheeze, with or without cough); their median TPTEFITE ratio (0.349) was significantly lower than the rest of the cohort (median 0.412) and they also had significantly higher Raw and lower sGaw. The positive predictive value of a low TPTEF/TE ratio, however, was only 41%. Conclusions -These results suggest that the use of this test in the prediction of future respiratory disease in an individual is limited. Respiratory problems are common during infancy. Accurate predictive tools are therefore desirable so that intervention strategies can be applied appropriately. The results of airway resistance (Raw) measurements are useful but may require the patient to be sedated.' A technique to measure tidal breathing parameters (the proportion of time to reach peak tidal expiratory flow to total expiratory time (TPTEF/TE ratio)), previously used in adults,'
has recently been employed in infants, some of whom were not sedated. Martinez et a1 reported that boys who later developed lower respiratory tract illness with wheezing had significantly lower values of TPTEF/TE at the mean age of approximately two months. Assessment of lung function at that age, however, necessitates recalling infants to hospital and is thus difficult to apply universally. We felt it important to assess whether measurement of TPTEF/TE in the first week of life, when infants are still in hospital with their mothers, provided a useful prediction of subsequent respiratory morbidity and whether such a relationship, as previously described,3 was dependent upon sex.
Methods
Infants were eligible for entry into the study if they had no congenital anomalies, were born at term, and had no respiratory problems in the immediate perinatal period. Infants who fulfilled the eligibility criteria were recruited from an ongoing study examining the effects of first trimester antenatal investigations which were being undertaken because of maternal age or parental anxiety. In that study lung function measurements were made in the first week of life and the infants were subsequently followed until at least one year of age. The parents kept diary cards on which the presence of respiratory symptoms (wheeze and cough) were recorded. They were contacted on two separate occasions and the infant's symptoms were retrospectively reviewed from birth to the first contact and between the first and second contact, respectively. The follow up study was approved by the King's College Hospital ethics committee and parents gave informed consent before entry into the study.
Infants were seen in the Paediatric Respiratory Laboratory. Lung function measurements were made 30-60 minutes after a feed during quiet sleep without sedation. The infants were studied in the supine position lying in a whole body plethysmograph. Tidal breathing parameters were measured before estimation of thoracic gas volume and airway resistance. Flow during tidal breathing was measured while the neonate breathed through an infant face mask. The mask was connected to a rebreathing bag via a heated Fleisch pneumotachograph and was sealed around the infant's nose and mouth using silicone putty to ensure an airtight seal. The dead space of the equipment was 15 ml. The flow signal was calibrated with a rotameter and was linear between zero and 12 1/min. Flow and volume signals were collected on ultraviolet sensitive paper. The shape of the tidal breathing expiratory curve was studied. The time to reach peak (maximum) tidal expiratory flow (TPTEF/TE) as a proportion of total expiratory time (TE) was measured. The mean TPTEF/TE ratio was calculated from the first 10 regular breaths. Recruitment continued until 60 suitable traces -that is, with 10 consecutive flow curves without artefacts -were obtained.
Thoracic gas volume (TGV) and airway resistance (Raw) were measured using a whole body plethysmograph (Hammersmith Hospital, Department of Medical Engineering, London, UK) with a total volume of 90 litres. The infant breathed through a face mask which was connected to the rebreathing bag via a heated pneumotachograph. The face mask was sealed around the infant's nose and mouth using silicone putty to ensure an airtight seal. The infant breathed through a heated, humidified rebreathing system to avoid box pressure changes due to heating and cooling of respired gas. TGV was measured at the end of normal inspiration and Raw at two thirds of maximum inspiratory flow using the techniques of Dubois et al suitably modified for infants.4 5 TGV was calculated from five breaths during occlusion and the reported value was adjusted to end expiratory lung volume; five separate occlusions were made. Raw was calculated from 10 breaths. Measurements were corrected for the apparatus dead space which included the face mask (15 ml) and its resistance (8 cm H20/l/s) measured at flows of between 5 and 15 1/min. The calibration of the plethysmograph was performed as described previously.6
An observer who was unaware of the results of the TPTEF/TE measurements evaluated the diary cards. Infants were defined as symptomatic if they wheezed, with or without cough, for more than one day following a respiratory tract infection or wheezed for at least 24 hours without any respiratory tract infection.
STATISTICAL ANALYSIS
To determine the interobserver repeatability of the measurements, 25 traces were randomly selected and the mean TPrEF/TE ratio for each trace was calculated separately by two observers. The coefficient of variation (CV) was determined for each trace by each observer. The coefficient of repeatability between the two observers' results was calculated according to the method of Bland and Altman.7 Differences between groups were assessed for statistical significance using the Mann-Whitney U test. The sensitivity, specificity, and positive predictive value for the development of respiratory symptoms in the first year of life of the median TPTEF/TE of the study population were calculated. 
Results
Lung function measurements were carried out in 65 neonates, but in five cases the traces were unsuitable for analysis. Results were used from the remaining 60 neonates (25 boys) who were born at a median gestational age of 40 weeks (range 37-42) and had a birth weight of 3400 g (range 1800-4960). The median age at the time of investigation was two days (range 1-12 Results are presented as median (range) or no. (%). TPTEF/TE = time to reach peak tidal expiratory flow to total expiratory time; TGV = thoracic gas volume; Raw = airway resistance; sGaw = specific airway conductance. infants, which is similar to the 19% difference reported by Martinez et al. 3 Clarke et al," however, found no significant differences between groups, but their population all had a parental history of atopy which may have masked differences.
In older children and adults the shape of the tidal breathing expiratory flow-time curve, quantified by calculation of TPTEF/TE, is closely correlated with specific airway conductance (sGaw)2 -that is, the reciprocal of airway flow resistance divided by lung volume. A relationship between TPTEF/TE and sGaw has also been noted in infants older, but not younger, than three months by Dezateux et al"5 who suggested that, in the younger infants, the pattern of expiratory flow may reflect dynamic maintenance of FRC as much as a response to airway calibre, hence the lack of a significant relationship between the TPTEF/TE ratio and sGaw in such patients. Interestingly, in this study we found the symptomatic infants to have significantly lower TPTEF/TE ratios and specific conductance. Low TPTEF/TE ratios have been found in patients with obstructive lung disease2 and bronchopulmonary dysplasia.'6 Martinez et al found that boys with low TPTEF/TE values had a greatly increased risk of having a wheezing illness in the first year of life;3 in addition, those who wheezed during the first year of life and had at least one additional lower respiratory illness had lower initial levels of TPTEF/TE and conductance than "never" wheezers. ' Our findings demonstrate the feasibility of measuring the TPTEF/TE ratio in the perinatal period in non-sedated infants. The positive predictive value of a low TPTEF/TE, however, was low and, if this result is confirmed in future studies, it undermines the usefulness of tidal breathing parameters as criteria for intervention strategies in an individual. Although a high variability in the measurement was noted, we were able to find statistically significant differences between infants who were subsequently symptomatic or asymptomatic and this technique may therefore be appropriate for large population studies.
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